Forest ecosystems cover large parts of the terrestrial land surface and are major components of the terrestrial carbon (C) cycle. The primary objective of REDD+ is to minimize the carbon emissions from deforestation in developing countries and enhance their carbon storage capacities through sustainable management programme. The recognition of REDD+ throughout the international community, its support by donors and promotion in the perspectives of the UNFCCC negotiations are mainly due to vital functions of forests in regulating the world's climate. This paper gives an overview of REDD+ approach and its methodological guidance in context of Indian forestry sector. The strengthening of governance arrangements and institutions in India needs to integrate learning through piloting, adaptive management, and knowledge transfer. A phased approach for India for REDD+ implementation having safeguards for local communities and biodiversity along with a system of their reporting and capacity building has to be developed. Successfully designed REDD+ implementation in India entirely depends on a rigid, scalable, and reliable finance mechanism, technological assistance, and effective forest-related legislation along with transparent and equitable political momentum which has support of core stakeholder groups.
Introduction
Forests, like other ecosystems, are affected by climate change. Forests also influence climate, absorbing CO 2 from the atmosphere and storing carbon in wood, leaves, litter, roots, and soil. The carbon is released back into the atmosphere when forests are cleared or burnt. By acting as sinks, forests are considered to moderate global climate change [1] . Climate change is one of the most significant global challenges of our time, and addressing it requires the urgent formulation of comprehensive and effective policy responses [2] . Natural forests are more resilient to climate change and disturbances than plantations because of their genetic, taxonomic, and functional biodiversity. This resilience includes regeneration after fire, resistance to and recovery from pests and diseases, and adaptation to changes in radiation, temperature, and water availability (including those resulting from global climate change). While the genetic and taxonomic composition of forest ecosystems changes over time, natural forests will continue to take up and store carbon as long as there is adequate water and solar radiation for photosynthesis [3] . Forests play a major role in the global carbon (C) cycle because they store 80% of the global aboveground C of the vegetation and about 40% of the soil C and interact with atmospheric processes through the absorption and respiration of CO 2 [4] [5] [6] [7] [8] . Human activities such as fuel consumption and land-use change are the main causes of an increase in the atmospheric carbon dioxide concentration, which is generally recognized as a factor of climate change and global warming [9] . The Stern Review [10] highlighted that forest conservation, afforestation, reforestation, and sustainable forest management can provide up to 25% of emission reductions needed to effectively combat climate change and that curbing deforestation has the potential to offer significant emission reductions fairly quickly in a highly cost-effective manner. Reducing emissions from deforestation and forest degradation (REDD+) is a mechanism for providing financial rewards to countries that reduce carbon emissions caused by the loss and degradation of their forests. In concept, REDD resembles other Payment for Environmental Services (PES) programs; however, REDD emphasizes a reduction in deforestation and degradation rates from expected levels, also known as avoided deforestation and degradation [11] .
India has a total land area of 329 million hectares [12] of which around 23.4%, that is, 76.87 million hectares (Mha), is classified as the forestland with tree cover. More than 40% of the country's forests are degraded and understocked [13, 14] ; subsequently there is a large potential of REDD+ activities in the country. Hence an overview of REDD+ approach along with its methodological guidance is discussed in this article in context of Indian forestry sector.
RED to REDD+: Evolution Since Its Conceptualization
Fuelled by the continuing destruction of forests in developing countries, the aspired development and implementation of a REDD+ mechanism under the United Nations Framework Convention on Climate Change (UNFCCC) evolved into one of the major issues in the negotiations on a post-Kyoto agreement [15] . The concept of REDD was first introduced in its preliminary form at the climate change negotiations during the third meeting of the Conference of Parties to the UNFCCC (COP-3) in 1997 to enlist carbon services of forests under the Clean Development Mechanism (CDM) and account for emissions and removals from land use, land use change, and forestry (LULUCF) activities [16] .
Reducing emissions from deforestation in developing countries was being discussed in the side events since COP-9 of the UNFCCC in 2003 under the names of "Avoided Deforestation, " "Compensated reduction, " and so forth [17] . When the Kyoto Protocol came into force in 2005, it focused on reductions in emissions from technological projects. This expression was used for the first time in its shortened form RED (reducing emissions from deforestation) during the 11th UN Conference of Parties (COP-11) in Montreal (2005) by the Coalition for Rainforest Nations led by Papua New Guineanoting that deforestation was estimated to account for 12-15% of the overall greenhouse gas (GHG) emissions [18] . Well received at COP-11, the concept was further elaborated, expanded, and officially adopted during COP-13 in Bali, Indonesia, in 2007 in the form of REDD. The addition of "degradation" to this acronym was due to the observation that forest degradation in some developing countries was as threatening as deforestation (if not more) to the forest ecosystems. Following the debates during the 14th COP in Poznan, Poland, in 2008, it was decided that REDD should evolve to REDD+ to encompass all the initiatives that can increase the carbon absorption potential of forests. The insertion of "+" on the acronym REDD is aimed at broadening its scope to include all operations associated with preservation, restoration, and sustainable management of forest ecosystems. The official definition of REDD+ as set by UNFCCC is "reducing emissions from deforestation and forest degradation in developing countries, and the role of conservation, sustainable management of forests, and enhancement of forest carbon stocks in developing countries" [19] . During COP-16 of UNFCCC in 2010 in Cancun, governments agreed to boost action to curb emissions from deforestation and forest degradation in developing countries with technological and financial support [17] . REDD+ attaches financial value to the carbon stocks stored in the forests and other incentives for developing countries by the developed countries to reduce emissions and invest in low carbon paths to sustainable development. It goes beyond deforestation and forest degradation and includes the role of conservation, sustainable management of forests, and enhancement of carbon stocks. COP-17 in November, 2011 at Durban, South Africa, produced a landmark decision to extend the Kyoto Protocol into the second commitment period. Pursuant to Cancun decision, important decisions on REDD+ were made, namely, decisions on systems for providing information on safeguards, modalities for forests reference (emission) levels, and REDD+ financing [20] . The primary goal of REDD+ is reduction of greenhouse gas emissions, consistent with the goal of the UNFCCC to achieve "stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system. " REDD+ is expected to bring much more than emission reductions, with a properly designed mechanism contributing to multiple benefits. Depending on the location and type of REDD+ activity, these benefits potentially include poverty alleviation, indigenous people's rights, improved community livelihoods, technology transfer, sustainable use of forests resources, and biodiversity conservation [21] .
REDD+ is a complex instrument of governance. It is treated by many stakeholders as a payments for ecosystems services (PES) scheme [22, 23] which seeks to translate the process of carbon sequestration through arboreal photosynthesis into real financial incentives for ecosystems managers and in so doing to promote the conservation and sustainable management of natural habitats [24, 25] . The implementation of REDD-plus requires forest-governance reforms through inclusive processes that build on existing forest-governance systems [26] .
India has played an important role in REDD+ negotiations and has been instrumental in shaping the REDD+ mechanism by emphasising the role of conservation and sustainable forest management in mitigating carbon emissions [16] .
Green Facts of India:
A Megadiverse Country
The forests of India have long been an important part of its culture and a defining feature of its landscape [27] . India with a wide range of climate, geography, and culture is unique among biodiversity-rich nations and is known for its diverse forest ecosystems and megabiodiversity. It ranks as the 10th most forested nation in the world [28] , with 23.4% (76.87 Mha) of its geographical area under forest and tree cover [1, 29] . Out of 34 global biodiversity "hot spots, " four are located in India, that is, Eastern Himalayas, North-east, Sundarbans, and Western Ghats [30] . India is one of the 17 megadiverse countries (MoEF). Fifteen biodiversity-rich areas of country covering an area of approximately 74000 km 2 have been designated as biosphere reserve and four of them, namely Nilgiri, Nanda Devi, Sundarbans, and Gulf of Mannar, have been recognised by UNESCO underworld network of biospheres [31] . With only 2.4% of the land area, India accounts for 7 to 8 percent of the recorded species of the world [32] . This biodiversity is of immense economic, ecological, ISRN Forestry 3 social, and cultural value. Approximately 275 million people in India (27% of the total population) are known to live in the forest fringes and earn bulk of their livelihood from forests [33] [34] [35] [36] . FSI defines forests as "all the lands, more than one hectare in area, with a tree canopy density of more than 10%. " Champion and Seth [37] classified India's forests into four major ecosystems groups, namely, tropical, subtropical, temperate, and alpine. These major groups are further divided into 16 types. Of the 16 forests types, tropical dry deciduous forests form the major percentage that is 38% of the forest cover in India.
Key Challenges to Indian Forestry Sector.
India's economic growth in the last decade has raised several concerns in terms of its present and future resource demands for material and energy [38] . With 18% of global livestock population over 2.4% of world's geographic area and 17% of world's population rigorous biotic pressure being faced by Indian forests as only due to these forests, nearly 30% of fodder needs of the cattle population and 40% of domestic fuel wood needs of the people are being catered. The difference in demand and supply is also broadening for fuel wood, timber, and fodder. In Eastern and Northeastern India, forest degradation is mainly a result of shifting cultivation practices over an area about 1.2 Mha. The National Forest Commission had done a splendid task to conquer the issues forests are facing by recommending allocation of a minimum 2.5% of national budget to the forestry sector. Apprehensions over inadequate role of elected Panchayati Raj institutes vis-a-vis Joint Forest Management Committees (JFMCs) in forest management, limited participation of non-profit-making voluntary sector, control over minor forest products, and implementation of Forest Right Act and PESA are some concerns frequently voiced with little recognition for the incredible efforts made to maintain forest cover in the current conflicting scenarios [31] . As per the wood budget for the year 1996, 86 million tonnes of fuel wood is being unsustainably removed from forests [39] . India's livestock population of 467 million grazes on 11 Mha of pastures. This implies that an average of 42 animals graze on a hectare of land compared to a threshold level of 5 [40] . In absence of adequate grazing land, nearly a third of the fodder requirement is met from the forest resources in the form of grazing and cut fodder for stall feeding. An estimated 100 million cow units graze in forests annually whereas the sustainable level is only 31 million [41] . Additionally, graziers collect an estimated 175-200 million tonnes of green fodder annually [42] . Grazing has been reported in 67% of the national parks and 83% of the wildlife sanctuaries surveyed [40, 43] .
Deforestation.
Around 3000 B.C, nearly 80% of India was forested [44, 45] . Deforestation has occurred in the tropics throughout history [46, 47] . Growing population, widespread poverty, and limited employment opportunities in agricultural and industrial sector have resulted in heavy pressure on forests, primarily due to unsustainable extraction of fuel wood and over grazing resulting in forest degradation [48] . Forest vegetation sequesters carbon while at the same time deforestation and degradation of standing forests leads [50] . Deforestation refers to conversion of area having forest cover to other uses, for example, croplands, pastures, or urban land. Degradation [51] , on the other hand, refers to reduction in productivity and/or diversity of a forest due to unsustainable harvesting (removals exceeding replacements and changes in species composition), fire (except for fire-dependent forest systems), pests and diseases, removal of nutrients, and pollution or climate change (e.g., changes in productivity, total organic matter, and forest composition). In India, the forest cover is now relatively stable and, therefore, deforestation is not currently a significant issue in formulation of carbon sequestration policies [40] .
Stabilization of Carbon Stocks in Indian
Forests. India recognized the enormous importance of the forest resources and land use, land-use change, and forestry (LULUCF) activities in contributing towards GHG emissions. Strong policy skeleton in India made the conservation of forests more focused [17] . The forestry sector recognizes its increasing role to provide sustained benefits to the people and strives to attain it by integrating new frontiers of knowledge and science in planning, management, research and capacity building with forest management [31] . A major part of forest land at the time of independence came under reserved forests [21] . During 1952-1976, forests were recognized only for the commercial interest, (Table 1) , that is, for eradication of valuable timber for fast growth of industrial sector, nation's development and other purposes [36, 52] . Table 2 presents the change in forest cover over the years 1987 to 2011 indicating that the forest cover has increased marginally from 64.08 million ha in 1987 to 69.2 million ha in 2011.
India is one of the few countries where deforestation rates have been reduced and regulated and forest cover has nearly stabilised, unlike most other developing countries [28] . Thus it is important to understand the likely factors contributing to the observed stabilization of forest carbon stocks in India. The factors include legislations, forest conservation and afforestation programmes, and community awareness and participation [64] . Realizing the need for conservation and regeneration, several programmes have been implemented at the government and nongovernment levels. The forest policy (i) Forest (Conservation) Act, 1980 Act, , amended 1988 act is one of the most effective pieces of legislation contributing to reduction in deforestation. This was enacted to reduce the discriminate diversion of forest land for nonforestry purposes and to help regulate and control the land-use changes in the existing forest area. With this act, the deforestation and conversion of forest lands to nonforest use were effectively checked [64] . The rate of conversion of forests to nonforestry uses has declined drastically to around 15,500 ha per annum since 1980 compared to 1,50,000 ha per annum prior to 1980 [42] . This act stipulates prior central government approval before any forest land is sought to be diverted for nonforestry purpose [40] . (ii) The National Forest Policy, 1988: India's National Forest Policy was formulated four years before the Earth Summit and embodies all elements-social, environment, and economic-of sustainable forest management. Its aim was to ensure environmental stability and maintenance of ecological balance, including atmospheric equilibrium, which is vital for sustenance of all life forms-humans, animals, and plants [16] .
(iii) Joint Forest Management (JFM), 1990: The Forest Policy 1988 set the stage for participatory forest management in India. The JFM programme documented the rights of the protecting communities over forests lands. The local communities and the forest department together plan and implement forest recognition programmes and the communities are rewarded for their efforts in protection and management. The total area covered under JFM programme is over 15 Mha. This has allowed protection of forests plantation, potentially contributing to conservation of existing forests and carbon stocks [64].
Forest Degradation.
Forest degradation is a complex process, and its drivers may be completely different from those for deforestation, thus presenting greater challenges in assessment or monitoring as compared to deforestation [65] . Widespread forest degradation in the developing countries remains poorly understood or quantified [66] . Change in forest composition because of selective overexploitation, loss of natural regeneration, low growing stock, and low productivity are important parameters resulting in low carbon content in the existing forests [40] . Shifting cultivation, fires, and overgrazing have resulted in the elimination of susceptible species and in making selected tolerant species more abundant [51] . The dynamics and causes of deforestation and forest degradation are multifaceted and complex and vary from place to place. Drivers of deforestation and forest degradation in Indian perspective fall into two categories: first, who those are planned and projected in accordance with policies, legal framework, management plans, and so forth, and second, those who are spontaneous, beyond government and management control, and usually not accounted for. Planned and unplanned withdrawals from forests require proper understanding and management tools including transparent governance, effective enforcement, and appropriate mitigation actions [67] . The distinction between direct and underlying causes and between human-and naturally induced change is often not as clear as it might appear. In reality, there are long, complex chains of causation that can bring about deforestation or the degradation of forests [68] .
If appropriate policy instruments and management options including effective legal framework and site specific mitigation measures are introduced then the impacts of planned or controlled drivers could be minimized. Challenge lies in addressing and managing unplanned drivers and activities which are mainly a direct outcome of local people's dependence on the adjoining forest areas to meet their livelihood needs like necessity of fuel wood, fodder, grazing, food supplements, and to a very small extent an illegal mining within forest and so forth [67] . Forest productivity is the net annual increment per unit forest area. The productivity of Indian forests is low [40] . The growing stock of forests area is estimated to be around 58. 96 
Forest Degradation and Deforestation: Addressal Mechanism.
Reserving forests implies foregoing the benefits that would have been generated by exploiting the resources or from adopting alternative land-use practices. Further, the onsite benefits of forests are lower than the potential benefits of alternative land uses [16] . The strategies and approaches to evolve a mechanism to tackle forest degradation and deforestation will be critical to attain the maximum benefits of incentives for the stored carbon stocks. Creation of appropriate awareness amongst stakeholders in deciding the level of their participation and commitment including that of the local community for protection of existing forests might be the leading action for checking deforestation and forest degradation. The stakeholders need to be effectively and appropriately informed, enthused, and empowered to take apt decision for conservation of forests. This should be supported by the government programmes and policies, which should advocate and provide the relevant alternative resources to the community so that the dependence of local community on forest resources could be reduced. As per Indian submission to SUBSTA, UNFCCC, these programmes could include (i) alternative cheap cooking fuel supply, (ii) promoting non-conventional energy sources, (iii) low-cost permanent housing facilities, (iv) improving agriculture and livestock productivity, (v) free education for children, Striking a balance between the need to enhance food production for growing population and to cut short deforestation requires increase in agricultural production without further deforestation. This can be addressed through better land planning and extensive investment in technology to increase yields of existing farmlands [67].
Safeguards for REDD+ Implementation
Since 2009, the UNFCCC negotiations have increasingly taken up the concerns regarding potential negative effects of REDD+ on the biodiversity of forest ecosystems, safeguards and benefits being key words in this matter [15] . The implementation of REDD+ actions can pose a number of risks or negative impacts including conversion of natural forests to plantations and other land uses of low biodiversity, loss of traditional territories, erosion of rights with exclusion from land, and loss of traditional livelihoods [74] . At COP-17 in Durban (Decision 12/CP.17 Para 5) it was agreed that a summary of information on how safeguards are being addressed and respected should be provided periodically in national communication channels agreed on by the COP [16] .
The [15] .
In many REDD+ countries, discussions on safeguards are in their infancy and represent only a minor component of the overall REDD+ policy dialogue [75] . Safeguards can be most effectively addressed if explicit consideration is given to biodiversity concerns during all of the planning and design, implementation, and assessment stages of the REDD+ process [76] . The REDD+ framework that is part of Cancun Agreements includes a number of safeguard provisions that are to be addressed and respected throughout the implementation of REDD+ activities [17] . The UNFCCC, in the Cancun Agreement, articulated seven social and environmental safeguards for REDD+ [77] . These are The Subsidiary Body for Scientific and Technical Advice (SBSTA) has been tasked with providing guidance on systems for information on how REDD safeguards are being addressed and respected throughout the implementation of REDD+ [78] . Implementation of safeguards should be country based and not imposed externally. Safeguards need to be flexible and reflect national status and not formulated as additionality [17] . Free, prior, and informed consent (FPIC) could be an important element of REDD+ safeguard programs, ensuring that activities are implemented in a way that fully respects the rights of affected communities [21, 79] .
In order to effectively monitor safeguards in India, it will be necessary to evolve a clearly defined set of indicators and criteria for parameters such as forest governance structures, respect for rights of indigenous peoples, and full and effective participation of relevant stakeholders, along with a system to monitor these [20, 29] . India has well-established forest governance system, responsible for forest management as per the Indian government policy, legal institutions, and regulatory framework. The governance system impounds the dynamism of forest behaviour. The management of forests gets inputs from the various local, regional, and national level bodies, constituting with members from the local villages. In India, there are safeguards already in place to protect the customary rights and traditions of tribes, forest dwellers, and other local communities. Policy and legal instruments exist in the form of joint management programmes, the Forest Rights Act, and the Biological Diversity Act, whose provisions ensure the rights of local communities and enable them to be key players in the local level governance of the natural resources [16] .
Developing MRV System for REDD+
Transparent, accountable, and sustainable monitoring, reporting, and verification (MRV) systems are essential for any REDD+ framework. With the prospect of a global agreement on forest preservation on the horizon, establishing functional MRV systems is one of the major goals of the so-called REDD Readiness [80] . MRV relates to both actions on the ground (i.e., that change forest carbon stocks) and REDD+ transactions (i.e., compensation and financial transactions or transfers) [81] . A robust monitoring mechanism is essential for successful implementation. As part of the Cancun Agreement, countries are supposed to develop a robust and transparent national forest-monitoring system with the capacity to consistently and accurately monitor changes in forest cover and carbon stocks over time. There is a general consensus that this forest monitoring system would be a combination of remote sensing and ground-based systems [20, 65] . Any system that intends to compensate countries for avoided deforestation and degradation requires a reference level for recent forest carbon stocks against which future performance can be measured. The choice of reference level will determine not only the effectiveness of REDD+ in terms of climate impact, but also the potential financial benefits to recipients of REDD+ funding and hence incentives for countries to participate in the scheme [82, 83] .
India is among the few countries to regularly use satellitebased remote sensing technology since the 1980s in detecting and assessing forest cover changes [63] . Under the second National Communication to UNFCCC, forest biomass carbon and soil organic carbon were estimated in India, and the procedure which was followed for the programme has the potential of being developed and adopted as a REDD+ methodology for assessing changes in forest carbon stocks over a stipulated period [17] . India is of the view that the reference level (RL)/reference emission level (REL) needs to be fixed in an open and transparent manner following the procedure decided by the parties for the purpose [16] . India will have to develop a robust system for monitoring of carbon stocks in forests through a network of permanent monitoring plots to provide adequately accurate subnational estimates of carbon stock changes [20] .
The Government of India formally adopted Communitybased Forestry Management/Joint Forest Management resolution on July 1, 1990, in pursuance of its National Forest Policy, 1988. It laid down broad guidelines for an institutional arrangement involving the local people to jointly protect and manage the forest resources in return for benefits from it [40] . Joint forest management (JFM) has facilitated protection and regeneration of existing forests and rise of forest plantations, which will contribute to conservation of existing forests as also the carbon stocks. This approach matches well with the objectives of REDD+ programmes being implemented in many REDD+ countries [17] .
Financing of REDD+ Mechanism
Essentially, REDD+ is an investment focusing on retaining or enhancing natural capital and provides an opportunity to enable countries to move towards realizing green development [84] . Multilateral, bilateral, and private funding mechanisms are now supporting different REDD+ activities at various levels. Multilateral mechanisms like UN-REDD programme, World Banks' Forest Caron Partnership Facility (FCPF), and Forest Investment Programme (FIP) are supporting capacity building activities in many developing countries for the effective implementation of REDD+ [85] . REDD+ investments are focused on maintaining or enhancing natural capital, either through investments in forests or through slowing, halting, or reversing drivers of deforestation and forest degradation [84] . REDD+ finance mechanism must be effective: they must contribute to tangible and independent third-party-verifiable stabilizations of atmospheric concentrations of greenhouse gases; efficient: they must result in "value for money" and allow both private-sector and public-sector institutions to participate on fair terms; and equitable: at a minimum, they must avoid exposing to greater risk the poor and most marginalized rural communities whose livelihoods depend on forests, avert the distortion of forest products markets, and allow broad participation on equitable terms at the national and international levels [26] .
India supports a mix of market and global funds to finance REDD+ activities. Central funding should compensate for maintenance of forest carbon stocks whereas money for compensating change in carbon stocks (due to decrease in deforestation and degradation or increase in forest cover) could be generated by selling carbon credits in the international markets [73, 85] . Separate financial approaches need to be adopted for providing positive incentives for the two types of carbon stocks under REDD+ regime, that is, for (a) change in carbon stocks (with subcategories for incremental carbon stocks and reduced deforestation) and (b) baseline carbon stocks [17] . The market-based approaches that would be developed for incentivizing removals and emission reductions to be separate from the CDM market and conservation of forest carbon stocks could be incentivized through non-market-based mechanisms [16] . Any REDD finance mechanism-market-based or fund based-needs to properly address the concepts of carbon stock and flow, uncertainty, and discount rates [26] .
Green India Mission.
In the context of the overall objective of the National Action Plan on Climate Change (NAPCC), the environmental service which is of utmost importance, is the carbon sequestration potential of the forests. NAPCC correctly recognizes increase and improvement in forest and tree cover as a potential mitigation option. Indian initiative to have a "national mission for a green India" as one of the eight national missions is a very pragmatic step that fits most appropriately into the country's concern on climate change, as also into its overall developmental planning [86] . The government has put in place Green India Mission with a budget of Rs 46,000 crores (approximately USD 10 billion) over a period of 10 years. The mission will help in improving ecosystem services in 10 million ha of land and increase flow of forest-based livelihood services and income of about 3 million forest dependent households [27] .
The GIM acknowledges the influence that the forestry sector has on environmental amelioration and inclusive development [87] . The Green India Mission puts the "greening" in the context of climate adaptation and mitigation, aiming to enhance ecosystem services like hydrological services and biodiversity, including carbon sequestration and storage (in forests and other ecosystems), in addition to provisioning services like fuel, fodder, timber, and NTFPs, while also addressing the livelihood issues of people living in and around forests [88] . In addition to other objectives, the mission will also seek positive incentives from REDD+ mechanism. The experience of implementing concept of JFM can successfully be replicated in protecting the rights of the tribal and other forest-dwelling communities while involving them in the proposed REDD+ mechanism. The mission is the practical demonstration of India's support for policy of conservation, sustainable management of forests and increase in forest cover as a means of reducing emissions from deforestation. However, achievement of incremental targets laid in the mission would not be possible fully unless the mission receives the supplemental financial support from the future REDD+ mechanism. Similarly, there is likelihood of financial support for maintenance of baseline stocks through REDD+ mechanism [86] .
The Forest Carbon Partnership (FCPF) aims to prepare forest countries for REDD+ implementation-known as REDD+ Readiness [17] . The FCPF assists developing countries in their efforts to reduce emissions from deforestation and forest degradation and foster conservation, sustainable management of forests, and enhancement of forest carbon stocks (all activities commonly referred to as "REDD+") by providing value to standing forests. The Interim REDD+ Partnership created in Paris during the May 2010 conference on forests and climate change was made up of an initial group of six developed nations who have pledged to provide US$4.5 billion to assist developing countries jumpstart REDD+ activities [19] . The Eliasch Review [89] estimated that the onetime cost requirements for 40 countries to reform policy and build capacity for REDD totalled US$4 billion.
Whether REDD is financed through a voluntary fund, a market mechanism, a hybrid mechanism (e.g., revenues from permit auctions in a cap and trade system), or a combination thereof, it must generate finance at the appropriate scale and to the appropriate stakeholders and sustain it over time [90] .
REDD+ Strategy of India
The REDD+ text in the Cancun Agreements has came out from the text that had been discussed for many years in the UNFCCC negotiations. The text sets the stage for a nationally driven phased approach to a REDD+ mechanism. The international framework involves a three-phase approach for an REDD+ mechanism for developing countries like India: (1) development of national strategies or action plans and capacity building; (2) implementation of national strategies or action plans that could involve REDD+ pilot projects; and (3) mobilization of funds from developed countries, with financing mechanisms [21] .
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The REDD+ strategy plan for India containing three phases is still under preparation. These phases are as follows The strategy will be implemented in a coherent and mutually supportive way with the relevant Aichi Biodiversity Targets (5, 7, 11, 14, and 15) and the Strategic Plan for Biodiversity 2011-2020 through various elements of REDD+. The REDD+ strategy plan for India will include mechanism for addressing direct benefit for biodiversity as well as benefit sharing to indigenous and local communities [91] .
The incentives so received from REDD+ would be passed to the local communities involved in protection and management of the forests. This will ensure sustained protection of our forests against deforestation [27] . In Indian context, the forest will not be managed for "carbon services" alone, but for all the ecosystem services that are flowing from the forests to the local community. The incentives for carbon services will append to the benefits that the local communities are already receiving from the forest ecosystems [91] . It is estimated that a REDD+ programme for India could provide capture of more than 1 billion tonnes of additional CO 2 over the next 30 years and provide more than USD 3 billion as carbon service incentives under REDD+ [27] . The country specific safeguards will be a part of national strategy with a view to ensure full participation of local communities and all other stakeholders. India's national REDD+ strategy aims to enhance the quantum of forest ecosystem services that flow to the local communities by enhancing and improving the forest and tree cover of the country [91] .
Hitherto, India has not prepared a REDD+ strategy as required under the UNFCCC; hence a dedicated institutional structure needs to be put in place to formulate and implement a national REDD+ strategy with a clearly defined mandate, roles, and responsibilities [20] . The issues to be addressed through REDD+ are complex in nature. The implementation of REDD+ frameworks will be strongly influenced by the presence or lack of robust legal framework. The existence of a legal framework that addresses environmental, social and economic issues that reflect the international legal framework of norms and standards is crucial for India to adopt standards on REDD+ [74].
Conclusion
Currently, there is significant concern over global warming, green house gas emissions, and their possible impacts on society. For successful implementation of REDD+ in India, technological assistance, readiness assistance, and continued political momentum are essential. A fully fledged national REDD+ strategy needs to be developed and implemented along with action plans with an immediate start of pilot activities in selected areas in collaboration of partners at national and international levels. An enormous capacity building at every level of forest hierarchy is needed for successful REDD+ implementation. An appropriate multilateral financial mechanism needs to be developed to operationalize capacity building programmes. The urgency of national REDD+ institutional framework stems from the fact that the implementation of REDD+ will involve tremendous coordination efforts. Pilot projects for REDD+ can be initiated in joint forest management areas. For effective implementation of REDD+ programmes there is need for forests-related legislation in place to enable REDD+ related project development which also includes definitions of ownership, rights, and obligations with respect to the sale and trade of carbon or Payment for Environmental Services (PES) accrued through REDD+ projects. The natural succession, anthropogenic actions such as deforestation, harvesting, plantation, silviculture, and natural disturbances such as pests, fire and climate change cause forest degradation and reduction in the productivity which inevitably reduced the potential for Csequestration (IPCC, 2006; Singh, 2010) . Thus Estimation of the accumulated biomass in the forest ecosystem is important for assessing the productivity and sustainability of the forest. Our objective in this paper is to review and summarize a range of approaches that could be adapted to estimate above ground biomass in Natural forests along with advantages and constraints associated therewith.
FOREST CARBON STOCK
FAO (2005) has defined biomass as "the organic material both above and below the ground, and both living and dead, e.g., trees, crops, grasses, tree litter, roots, etc." Above-ground biomass, below-ground biomass, dead mass, litter, and soil organic matter are the main carbon pools in any forest ecosystem (FAO, 2005; IPCC, 2003; IPCC, 2006) . The carbon dioxide fixed by plants during photosynthesis is transferred across the different carbon pools. AGB includes all living biomass above the soil including stem, stump, branches, bark, seeds, and foliage, while below ground biomass (BGB) includes all biomass of live roots excluding fine roots (<2 mm diameter), Dead mass includes all non-living woody biomass not contained in the litter, either standing, lying on the ground, or in the soil whereas litter includes all non-living biomass with a diameter less than a minimum diameter chosen by a given country, lying dead, in various states of decomposition above the mineral or organic soil (Houghton, 2005) . The AGB of a tree constitutes the most important, visible and major portion of the carbon pool of the terrestrial forest ecosystem (Lu, 2006; Vashum and Jayakumar, 2012). Thus, estimating AGB carbon is the most critical step in quantifying forest's carbon stocks and fluxes (Gibbs et al., 2007) . The amount of carbon sequestered by a forest can be inferred from the biomass accumulation since approximately 50% of forest dry biomass is carbon (de Gier, 2003 
METHODS FOR ASSESSMENT OF FOREST BIOMASS
Owing to the dynamism of nature, the land use land cover features changes with time (Sharma et al., 2013) . Reasonable methods for estimating tree biomass and carbon stocks on forest land are increasingly important given concerns of global climate change and carbon sequestration protocols for the voluntary and regulated markets (Zhou and Hemstrom, 2009 ). Estimation of the accumulated biomass in the forest ecosystem gives an idea of the potential amount of carbon that can be emitted in the form of carbon dioxide when forests are being cleared or burned, also enables us to estimate the amount of carbon dioxide that can be sequestered from the atmosphere by the forest, and hence important for many applications like timber extraction, tracking changes in the carbon stocks of forest and global carbon cycle (Vashum and Jayakumar, 2012) . Among all the land-use systems involving trees, the most significant carbon pool preserved as AGB (Ravindranath and Ostwald, 2008) , is susceptible to frequent changes which require recurrent monitoring (Sharma et al., 2013) . A variety of approaches and data sources have been used to estimate forest's AGB: (i) field measurement; (ii) remotely sensed data; or (iii) ancillary data used in GIS-based modelling.
Field Measurement
Two methods of field measurement are available.
The existing methods of sample tree biomass measurement can be categorized into (a) destructive sampling which entails direct measurement or (b) non-destructive which involves the application of allometric equations.
Destructive Method of Tree Biomass Estimation
Among all the available biomass estimation method, the destructive method, also known as the harvest method, is the most direct method for estimation of AGB and the carbon stocks stored in the forest ecosystems in which all plant material is weighed and samples are oven-dried (to remove all water remaining in living tissues) to obtain water content correction coefficients (Drake, 2001). Biomass measurements can be undertaken on a single-tree basis or on plot area basis. In the first case the biomass of each individual is measured, whereas in the second case the total biomass of a specific area or sample plot is measured (FAO, 2009). Although ground based techniques have enabled estimates in many areas, these approaches do have limitations. The first is that they are often imprecise due to the small portion of the trees that are sampled. The second limitation is that timely data are difficult to collect due to the cost and data collection times associated with ground 
Non-Destructive Method of Biomass Estimation
The non-destructive methods do not required tree felling. Tree measurements are made either by climbing the tree or taking photographs. These methods, however, can give only the volume of trees non-destructively. To estimate the tree biomass one has to rely on density values (which is already a product of destructive process) of tree components from literature (Deo, 2008). So in effect purely non-destructive biomass sampling does not exist. When destructive techniques are utilized they are typically done in a manner so that allometric equations can be developed to relate total oven-dry AGB to a particular tree (e.g., tree height or stem diameter at breast height) or forest stand structural attribute (e.g., basal area or volume over bark) (Drake, 2001 (Singh, 2010) .
In summary, collection of a large number of biomass reference data at the plot level is time consuming and labor-intensive. It is only suitable for a small area and cannot provide the spatial distribution. However, this kind of data is a prerequisite for developing biomass estimation models. Allometric models are the most common approach to obtain biomass reference data when DBH and/or tree height data at the plot level are available. One critical step is to carefully select suitable allometric models for specific tree species for a study (Chave et 
Remote Sensing-Based Biomass Estimation
Remote sensing-based methods of AGB estimation in forest ecosystems have gained increased attention, and substantial research has been conducted in the past three decades. As an alternative to traditional field methods, remote sensing techniques have been examined and a number of studies have been conducted (Sarker, 2010). Remote sensing is a process of acquiring data from a distance of an object, area or a phenomenon by analyzing the data through instruments without being in contact with the object or area which is/ are being examined. The advantages of biomass estimation using remote sensing can be described in terms of time (speedy processing), accessibility (to any location), cost (relatively low cost) and change detection (temporal data available) ( Optical sensors are primary data sources for biomass estimation, and selection of suitable variables is important for developing biomass estimation models, but following problems are still unsolved: (1) optical sensor data suffer the saturation problem for forest sites with high biomass density; (2) spectral-based variables are unstable and influenced by external factors such as atmosphere, soil moisture, vegetation phenology, and growth vigor. High-quality optical sensor data is dependent on the weather conditions when satellites pass over; and (3) 
Very High-resolution Aerial Imagery
The spatial detail of optical images collected from airborne sensors (as fine as ~10 cm pixels) can be used to directly collect measurements of tree height and crown area or diameter. Allometric relationships between ground-based measurements of tree carbon stocks and its crown area with or without tree height can be applied to estimate forest carbon stocks with high certainty. These data are collected over relatively small areas (several thousands of ha), but could be used for inaccessible areas or in a sampling scheme. An airplane-mounted system, using dual cameras and collecting imagery that can be viewed in 3D, has been demonstrated to reduce costs of conducting forest inventories, particularly for highly variable, widely spaced or inaccessible sites (Brown et 
Microwave or Radar Data
Synthetic Aperture Radar (SAR) is a promising approach for studying forest biomass because of its ability to penetrate forest canopy to a certain . The radar signals returned from the ground and tops of trees are used to estimate tree height, which are then converted to forest carbon stock estimates using allometry (Gibbs et al., 2007) . They have foliage penetration capabilities which allow SAR to re-code backscattenng not only from the upper canopy structure but also from woody biomass components (Sarker, 2010). The wavelength (e.g., X, C, L, P), polarization (e.g., HH, VV, HV, VH), incidence angle, land-cover and terrain properties (e.g., roughness and dielectric constant) are important factors influencing the backscattering coefficient of land-cover surfaces (Lu et al, 2014). (1991) found that radar backscatter at high frequencies (C-bands and X-bands) is dominated by scattering processes in the crown layer of branches and foliage and that it does not penetrate and scatter significantly from the bole, while backscatter at lower frequencies (P-bands and L-bands) is dominated by scattering processes involving the major woody biomass components (trunks and branches) Radar backscattering at longer wavelengths (L-bands and P-bands) is lower than that from the C-band for low biomass sites, such as grasslands, bogs, clear cuttings, areas of forest regeneration, and young plantations The opposite occurs when the woody biomass reaches a certain level and backscattering at longer wavelengths becomes greater than that from the C-band (Ranson and Sun, 1994; Sarker, 2010). However, in the past, only single polarization, single incident angle and lower resolution space borne SAR sensors (JERS-1, ERS-1/2) was available, thus the potential of SAR data for biomass estimation especially using dual polarization or quad polarization SAR with high resolution was not investigated except for limited studies with airborne SAR data With the establishment of PALSAR (L-band) and RADARSAT-2 (C-band) data are now available with different polarizations, different resolutions, and varying incident angles and these data now offer opportunity to scientific community to re-examine potential of SAR data for biomass estimation (Sarker, 2010).
Ulaby et al., (1990) and McDonald et al.,
It is difficult to use radar data for distinguishing vegetation types (Li et al., 2012) , because radar data reflect the roughness of land-cover surfaces instead of the difference between the vegetation types, thus resulting in difficulty of biomass estimation. The speckle in radar data is another problem affecting its applications (Lu et al, 2014). 
LiDAR (Light Detection and Ranging)

Ancillary Data used in GIS Based Modeling
Models are used to extrapolate biomass estimates over time and/or space from a limited dataset. These are generally empirical models based on a network of repeatedly measured sample plots, which may have biomass estimations built in or may require allometric relationships to convert volume to biomass (FAO, 2009 ). The one of the most common procedure used for estimating individual tree biomass is mathematical models calculated by regression analysis (Parresol, 1999; Segura and Kanninen 2005). Because such models do not exist for most forested areas, process models that are based on multiple environmental variables and are calibrated to account for different vegetation types may be optimal (Australian Greenhouse Office, 1999; FAO, 2009). Large number of biomass models exists in literature; and it is really difficult to choose appropriate model for a particular set of data.
However, the usual index of fit, the root mean square error (RMSE), can be used to compare models that have the same dependent variable (Furnival, 1961 During the last two decades, throughout world have put considerable effort into developing models for estimating tree biomass and carbon stock over large scale. However, applying those broad-scale models to regional or fine-scale analyses can be challenging. For example, broadscale estimates of merchantable tree biomass based on lumping many species may differ considerably from estimates made with more regionally representative models, and the potential success of a AGB estimation project might hinge on these differences. Therefore, understanding the potential alternative approaches for estimating forest biomass is very important for local analyses of biomass supply and forest carbon accounting (Zhou and Hemstrom, 2009) 
CONCLUSION
Biomass is a crucial ecological variable for understanding the evolution and potential future changes of the climate system. Biomass estimation is a comprehensive procedure that requires a careful design at each step. The integration of field, remote sensing data and models provides the most feasible approach by which biomass can be mapped at large spatial scales. Within this framework, methods are needed to assess the degree of uncertainty of these biomass estimates as they are fundamental when providing input to models that assess changes in carbon and carbon stocks over time as a result of deforestation, afforestation, natural disturbances and other factors that may result in changes to the forest. Although a lot of effort has been made in estimating biomass using both field-based and remote sensing techniques, no universal and transferable technique has been developed so far to quantify biomass carbon sources and sinks due to the complexity of the environmental, topographic and Biophysical characteristics of forest ecosystems. While there has been numerous studies carried out to estimate the forest biomass and the forest carbon stocks, there is still a further need to develop robust methods to quantify the estimates of biomass of all forest components and carbon stocks more accurately which is always connected with open research questions, new fields of investigation or new findings. 
India's concern about the GHG emission
India is in a rapid process of industrialization and urbanization; hence the total amount and the rate of the GHG emission has recently increased tremendously, alsothe population of India is 1.21 billion approximately representing 17.5% of the world population [1] . The total net Greenhouse Gas (GHG) emissions from India in 2007 were 1727.71 million tons of CO 2 equivalent (eq) of which GHG emissions from Energy, Industry, Agriculture, and Waste sectors constituted 58%, 22%, 17% and 3% of the net CO 2 eq emissions respectively. Energy sector emitted 1100.06 million tons of CO 2 and the total CO 2 equivalent emission from industry sector was 412.55 million tons in 2007. In terms of CO 2 , the per capita emission was 1.3 tons CO2 per capita or 0.35 tons of C per capita. In comparison, in 1994, the population was 897 million, comprising 15.8% of world population [2] . The per capita GHG emissions in 1994 were accordingly 1.4 t CO 2 eq/ capita, 0.9 tons CO 2 / capita or 0.24 tons C/capita. India ranks 5th in aggregate GHG emissions in the world, behind USA, China, EU and Russia [2] .
Climate change is recognized both as a threat and a challenge. The impact of human activities on climate and climate systems is unequivocal. Climate has a significant role in the economic development of India. Many sectors of the economy are climate sensitive. Developing countries particularly India are at risk, as its infrastructures are most vulnerable to extreme events, and there is an expectation that climate change will worsen their food security, water availability and health, in addition to accelerating biodiversity losses [3] . India is a developing country that perfectly illustrates the nature of this challenge involved in developing its economy whilst also preventing dangerous climate change. India is currently in a major predicament. Its development goal to bring a considerable portion of its population out of poverty is currently being undermined by the vulnerability to climate change. India"s economy is growing at the rate of about 9% per annum, while emitting significant amounts of greenhouse gases (GHGs) from fossil fuel use. The International Energy Agency (IEA) predicts that India will be among the top three emitters of the world by 2030 [4] . Therefore, India is a priority target for CO 2 reduction [5] . A rapid transition towards a low-carbon economy is essential to address the climate change challenge. The International Energy Agency"s (IEA) [6] , highlights the unprecedented scale and pace of change required to mitigate the most damaging impacts of climate change. Scientific evidence has confirmed this as a necessity and economic analysis has shown this to be possible [7] . However, almost half of India"s households (56%) do not have electricity, and women and girls spend a total of 80 billion hours each year collecting firewood [8] .In order to cope with the climate change and to promote India"s economic growth and the energy security, low carbon economy should be adopted. [12] and total CO 2 emissions by 100% [13] . Economic growth of India has evidently remained strongly coupled with CO 2 emissions. The Government of India has targeted GDP growth implying a rapid growth in CO 2 emissions from India.
Challenges in Low Carbon Development
Challenges from the Growing Population
India is the second most populous country in the world, with over 1. Licensed Under Creative Commons Attribution CC BY the world"s population. Already containing 17.5% of the world"s population, India is projected to be the world"s most populous country by 2025, surpassing China, its population exceeding 1.6 billion people by 2050. However, its population growth rate is only 1.41%, ranking 93 rd in the world [14] . Rapid population growth, developmental activities either to meet the growing population or the growing needs of the population as well as changing lifestyles and consumption patterns pose major challenge to preservation and promotion of ecological balance in the country.
Total Primary Energy Supply &Coal Dominance in Energy consumption
In 2005 CO 2 emissions in India were 1229 Mt CO 2 , and almost doubled during 1990-2005 [13] .A significant fraction of the CO 2 emanating from fossil-fuel combustion and specific industrial activities was emitted by large point sources (LPSs), with thermal power, steel, cement, fertilizer, petrochemical, aluminum plants, gas processing, and petroleum refineries contributing over 70% of all-India CO 2 
Poor Energy efficiency investments
Greater energy efficiency is key for shifting country development paths toward lower-carbon economic growth. Improving the efficiency of energy use is a leading option to gain better energy security, improve industry profitability and competitiveness, and reduce the overall energy sector impacts on climate change. But the reasons for not adopting energy-efficient technologies in India include energy pricing policies (e.g., low electricity prices for households and agriculture), other government policies (e.g., tariffs), high start-up costs, scarce opportunities for funding investments, uncertainties about the benefits of investments, and lack of information and awareness [16] - [21] .
What is Low Carbon Economy
Low-carbon economy refers to an economy that has a minimal output of GHG into the biosphere, namely, an economical model based on small energy consumption, low environmental pollution, low-carbon emission, and is the important progress of human being after agricultural and industrial civilization. The nature of low-carbon economy is to utilize energy efficiently and to exploit clean energy, seeking green GDP,the critical problems involved in the technological innovation of energy, emission reduction, changes of industrial structure and people"s conceptions. Green GDP is an index of economic growth which deducts the cost of environmental damage and resources consumption from the traditional gross domestic product [22] .
A Low-Carbon Economy (LCE) is an economy that adopts the Low Carbon Growth path and minimizes the release of greenhouse gases (GHG) without compromising on the development objectives of the Country [23] ."Low carbon development" and "climate change mitigation" are generic terms to indicate the transition towards development options that reduce human interference with the climate system. This means reducing the release of greenhouse gases into the atmosphere from chemicals and fossil fuels. It also includes emission reductions from changes in land use, such as deforestation and more energy intensive methods of agriculture [24] .
Developing low-carbon economy in India is compatible with Indian characteristics, and it is indispensable for India"s sustainable and scientific development. Therefore, the core energy developing strategy of India is to develop low-carbon energy and utilize fossil fuel clearly and efficiently. The Stern Report on the Economics of Climate Change, highlighted the fact that if the global community doesn"t act now, the overall costs and risk of climate change are enormous-the equivalent of losing at least 5% of the global GDP each year, now and forever [25] . India is one of the countries predicted to be most exposed to climate change impacts. Temperature rise of 2°C and beyond will have major consequences for human health, food production, water availability and ecosystems. Human settlements and economic activity in coastal regions are at the highest risk. It is estimated that in India up to 3% of GDP is already spent annually responding to the adverse impacts of a changing climate.
Indian Government's Proactive Domestic Measures for Enabling Low Carbon Development
Being one of the fastest growing economies in the world, India faces both the challenge of the need for rapid growth, as well as the escalating GHG emissions. Acknowledging the importance of vigorous domestic actions in combating climate change and driving global policy, the Government of India has initiated numerous initiatives to lead the way towards low-carbon growth. The Government of India has committed itself to making India a "low carbon" economy. It has recently announced voluntary and unilateral targets to reduce the emissions intensity of its GDP [26] .The Ministry of Environment &Forests sums up the essence of policy making required to address climate change in the form of the "3M"s" -Measurement, Modelling and Monitoring [27] . Some of the key domestic policy imperatives that have been introduced in India are detailed below.
National Action Plan on Climate Change (NAPCC)
On 30 June 2008 the Indian Government announced the National Action Plan on Climate Change (NAPCC). The Government of India has planned reductions in carbon intensity of its economy by launching the NAPCC. The plan identifies eight core "national missions" running through to 2017 (Table 1) . The plan "identifies measures that promote our development objectives while also yielding co-benefits for addressing climate change effectively." It notes that these national measures will be more successful with assistance from developed countries, and pledges that India"s per capita emissions will at no point exceed that of developed countries even as India pursues its development objectives. Under the NAPCC, several initiatives have been planned which will propel low carbon investments in India as well as better management of water, natural habitats and human settlements [24] . In addition to the eight national missions, 24 other `Critical Initiatives" are on the anvil to address climate change in a holistic manner, for which detailed plans and institutional framework is being planned.
Thus, as an emerging economy, India"s NAPCC does not focus on or stipulate emission reduction targets. Instead it emphasizes on long-term mitigation strategies while promoting growth and inclusive development with "sustainable co-benefits". Through sectoral mission documents the NAPCC provides a detailed road map for achieving this. Intervention areas include renewable energy, energy efficiency, waste management, public transport, water management, afforestation, agricultural resilience while emphasizing inclusive and sustainable development, especially for poorer sections of the society. 
Expert Group on a Low Carbon Strategy and Inclusive Growth
A number of studies on low carbon growth have been undertaken by various organizations, and several initiatives in different sectors are already underway or are being planned. However, there is a need for a coherent view of potential options to be taken, and a mutually consistent strategy to be evolved to give the overall goal of low carbon development a concrete shape. With the above objective, an expert group was constituted by the Planning Commission to develop a low carbon inclusive growth strategy for India"s Twelfth Five Year Plan. This Expert Group on Low Carbon Strategies for Inclusive Growth in its interim report estimated the national emissions reduction potential by 2020 for various sectors under two scenarios namely 8% and 9% annual GDP growth. The sectors covered were power sector, transport, iron & steel, cement, oil & gas, buildings, waste management, other industries and households. The Expert Group has either not considered or considered very limited potential in the following sectors: energy distribution, chemical industries, fugitive emissions from production and consumption of halocarbons and sulphur hexafluoride, construction, solvent use, mining/mineral production and fugitive emissions from fuels (solid, oil and gas) [29] .
Carbon Tax on Coal to Fund Clean Energy
A clean energy tax on coal, at the rate of Rs. 50 (~US$1) per tonne, will apply to both domestically produced and imported coal, The expected earnings from this tax are around US$500 million for the financial year 2010-2011. The government plans to channel these into a National Clean Energy Fund that will be used to fund research, innovative projects in clean energy technologies, and environmental 
Enhanced energy efficiency related policies and programmes
Various energy efficiency related policies and measures are in force to deliver the priority missions related to energy efficiency and renewable energy such as:  Energy Conservation (EC) Act 2001.  Making the EC Act operational, by strengthening the institutional capacity of State Designated Agencies (SDAs).  Perform, Achieve and Trade (PAT): India has embarked on one of the most ambitious and extensive energy saving initiatives in its history, when the muchanticipated Perform, Achieve, Trade (PAT) scheme becomes operational. The PAT scheme is a trading mechanism designed for high energy consuming industries. It aims to incentivize industrial sectors and units to implement energy efficiency measures and to comply with energy consumption targets set by the regulator (Bureau of Energy Efficiency (BEE)). Experts estimate that if PAT is successful, it alone could help India meet half of its emissions intensity targets announced at Copenhagen, i.e. a reduction of 20-25% reduction by 2020, based on a 2005 baseline. The PAT scheme is a market-based mechanism to enhance energy efficiency in the "Designated Consumers" (large energyintensive industries and facilities -power, cement, fertilizer, aluminium, iron and steel, railways, pulp and paper and textiles 
Reducing Emissions from Deforestation and Forest Degradation (REDD+)
India is a party to the United Nations Framework Convention on Climate Change (UNFCC) and the Government of India attaches great importance to climate change issues. In accordance with the Cancun Agreements, developing countries willing to undertake REDD+ activities are required to formulate and follow a national strategy or action plan, establish a national forest reference emission level or national forest reference level or, a subnational level as an interim measure, a robust and transparent national forest monitoring system for the measurement, reporting and verification (MRV) on the performance of the REDD+ activities, and a system for providing information on how the REDD+ safeguards are being addressed and respected. Since India is willing to implement REDD+ mechanisms, these India actively participated and took lead in international negotiations leading to REDD+ agreements. India is fully committed to implementing REDD+ activities, and therefore, also to develop a REDD+ strategy to be implemented in accordance with the UFCCC agreements in its forest sector. [30] .It has presented an ambitious Green India Mission programme under its National Action Plan on Climate Change [31] . India is underlying the following initiatives related to REDD+.  India has made a submission to UNFCCC on "REDD, As per India"s submission on REDD+ to UNFCCC, India"s national strategy aims to enhance and improve the forest and tree cover across the country, while enhancing the value of forest products to the communities dependent on the forests for livelihoods and other services. The Green India mission under the NAPCC and the National Afforestation Program would aid in achieving this goal. India has submitted that this would require an investment of USD 2 billion every year for 10 years. India would also aim to have maximum participation from the communities in the REDD+ programmes and follow the successful model for Joint Forest Management. The pilot projects under REDD+ would be launched upon availability of funding [29] . India is fully committed to implementing REDD+ activities whose primary objective is to minimize the carbon emission and enhance their carbon storage capacities through sustainable management programme [32] .
India GHG program
On 22 July 2013, WRI India, TERI and CII launched the India Greenhouse Gas Program (India GHG Program), a voluntary initiative to standardize measurement and management of GHG emissions in India. The WRI"s India GHG Program aims to help companies in India to monitor their progress towards voluntary reduction goals in a consistent and credible manner. The program will provide companies with tools and technical assistance to build inventories, identify reduction opportunities, establish both annual and long-term reduction goals, and track their progress based on the GHG Protocol, the most widely used emissions accounting and reporting standard in the world. 
Conclusion
For India, the only way to deal with the sharp conflict between rapid economic growth and high CO2 emission is to develop a low carbon economy, including technological innovation, developing low-carbon energy technology, transforming economic growth patterns and social consuming model. Designing an appropriate mix of policy instruments, and implementation of low carbon strategies, is a task that is highly multi-sectoral and inter-disciplinary in nature.Collaboration and open stakeholder involvement from a range of fields including government, industry, academic and civil society is essential in carving out the details of the path ahead in order to ensure that the best policies are implemented to promote environmental sustainability, spur innovative businesses and meet the poverty reduction and basic access needs of India"s large underserved population. However, the path to low carbon economy in India has its own set of challenges. India should recognize the importance of technologicalinnovations in implementing low carbon growthstrategies and harness research and development inthat direction. A focused approach of policy and reducing bottlenecks in emerging business scenario can go a long way in enabling a Low Carbon Economy.
